I. INTRODUCTION
The agriculture sector is a unique sector due to its strategic importance around the world. It is crucial for both citizens (consumers) and economy (regional and global) which, ideally, should make the whole sector a network of interacting organizations. Rural areas are of particular importance with respect to the agri-food and environmental sectors and should be specifically addressed within this scope. The different groups of stakeholders involved in the agricultural and environmental activities have to manage many different and heterogeneous sources of information that need to be combined in order to make economically and environmentally sound decisions, which include (among others) the definition of policies (subsidies, standardization and regulation, national strategies for rural development, climate change), development of sustainable agriculture, ensure crop and animal food production, pests and diseases detection, etc.
In this context, future agriculture knowledge management systems have to support not only direct profitability of agriculture or environment protection, but also activities of individuals and groups allowing efficient collaboration among groups in agri-food industry, consumers, public administrations and wider stakeholders communities, especially in rural domain.
As stated by FAO [14] , agriculture is the single largest user of freshwater resources, using a global average of 70% of all surface water supplies. Except for water lost through evapotranspiration, agricultural water is recycled back to surface water and/or groundwater. However, agriculture is both cause and victim of water pollution. It is a cause through its discharge of pollutants and sediment to surface and/or groundwater, through net loss of soil by poor agricultural practices, and through salinization and waterlogging of irrigated land. It is a victim through use of wastewater and polluted surface and groundwater which contaminate crops and transmit disease to consumers and farm workers. Agriculture and water pollution is therefore a subject of several national and/or continental legal acts, such as European Nitrate Directive [6] , European Water Directive [8] or Common Agriculture Policy [7] applicable in all European Union Member States.
Regular monitoring through sensor networks is needed in order to support the evidence of agriculture and water
Third International Conference on ICT for Sustainability (ICT4S 2015) pollution. Such evidence stems from the legal frameworks as well as from farmer's and citizen's needs. Some examples thereof may be found in weather (soil and air temperature, soil and air moisture, wind speed), crop growth monitoring for precise application of fertilizers and pesticides, ground water level and quality observation, monitoring of nitrate leaching into water, etc. It is beneficial to use the sensors networks according to the OGC implementation specification adopted also as ISO 19156:2011 [15] . The O&M approach is the key for near real time obtaining of relevant data, its filtering according to the user's needs as well as publishing in the form standard OGC Web services and/or technologies like Google Earth API (Application Programming Interface).
The European projects called "Farm-Oriented Open Data in Europe" (FOODIE), funded between years 2014 and 2017, and FArming Tools for external nutrient Inputs and water Management" (FATIMa), funded between years 2015 and 2018 address the above mentioned agronomical and environmental issues [25] . After presenting the methodology in this paper, the open data model for (precision) agriculture applications and agricultural pollution monitoring is presented in detail in textual as well as formalized way using the class diagram in the Unified Modelling Language. In the conclusion, benefits, opportunities and future development are mentioned.
II. METHODOLOGY
The primary inspiration for the methodology development lies in the existing international and European initiatives that aim at facilitating the exchange and access to a wealth of heterogeneous data sets related to the environmental and agricultural domains.
References to the main European policies were also included to define the context of the agriculture sector, such as Common Agricultural Policy [7] or Water Framework Directive [8] ; and these have to be taken into account in the decision making process of the stakeholders. In this sense, call for global data collection for agricultural monitoring is analyzed by [26] . Principles of common agricultural policy are provided by [4] . Influence of Water Framework Directive on agriculture is discussed by [1] . Processing of biomass data from remote sensing is described in [22] . See [23] for information on Infrastructure for spatial data in Europe (INSPIRE) including the application schemas for agriculture and aquaculture. European nitrate directive and its influence on the farm performance were described by [21] . Discussion on accessing structural functionality and landscape service is provided in [27] .
The results from relevant projects provide an overview of the different architectural approaches followed by various projects in the environmental and agricultural domain which represent the basis for designing FOODIE architecture and specifying its building blocks. For instance, an architecture for environmental and agronomical data that may be re-used for FOODIE purposes is advertised by [5] , [2] , [13] and [20] . Cataloging of the collected data follows the principles defined for environmental spatial data by [24] . Spatial data harmonization of openly available databases is further analyzed by [3] , while the mechanisms for its visualization is provided by [28] .
The analysis of user requirements and the derivation of requirements on various software/hardware components cannot take place without having in mind a common FOODIE system architecture. Here, it rely upon agreed international standards such as ISO Reference Model for Open Distributed Processing (RM-ODP [18] ). The RM-ODP defines, among other, the Information Viewpoint as the semantics of information and information processing and contains the information resources identified as a use case extension. The modelling basis has been extended by the standardization documents originating from the European INSPIRE (2007/2/EC) Directive. The underlying principles are described in [12] .
To sum up, the FOODIE and FATIMa projects have a lot of similarities with the above mentioned initiatives. The user requirements matrix consisting of two hundreds of functional, information and non-functional requirements has been established for nine use cases. After having described the use cases in a semi-formal way using the template developed internally within the FOODIE project, formalization was conducted through the UML (Unified Modelling Language) using activity diagrams for processes and class diagrams for data modelling (e.g. see Fig. 1 ).
The presented methodology aims at repeatable development of the open data model. Such development is based on the iterative approach for incrementally growing concept and corresponding implementation based on user requirements. It also has to support the evidence on environmental burden. The open data model should support the evidence of all treatments that were used in a certain place as well as (where appropriate) to store relevant information on the application of those treatments. The stored data should together answer the questions like "What amount of which treatment was used in a certain place?", "When it will be safe to apply another treatment?" or "Is the treatment registered and allowed in the European Union/Member State?"
The methodology also includes a definition of the scope, planning, actors and collaboration when focusing on how to perform the monitoring and management change, how risks will be managed and how the pilot execution will be evaluated attending to Key Performance Indicators described at FOODIE proposal stage. In addition, indicators to estimate the costs and benefits for the end users are also included.
The proposed methodology is applied to the three stages, proof-of-concept, test and production, which address the FOODIE pilots realization in an incremental way. This paper describes the results obtained from the proof-of-concept phase.
III. OPEN DATA MODEL
The INSPIRE data model for Agricultural and Aquaculture Facilities ( [11] , hereinafter AF) is composed by core information in relation to the geographical description of entities defined as "farming equipment and production facilities (including irrigation systems, greenhouses and stables)". The AF data model is based on the Activity Complex model [10] . Within INSPIRE, "Activity Complex" denotes a generic name agreed across thematic domains trying to avoid specific thematic connotations such as "Plant", "Installation", "Facility", "Establishment" or "Holding". Such scope may be identified for this paper as the Nitrate Directive [6] or Water Framework Directive [8] .
The basic feature types in the AF data model were preserved also for the open data model for (precision) agriculture applications and agricultural pollution monitoring. These are:
 Activity Complex: a whole area and all infrastructures it includes, under the control of an operator. In the AF theme, Activity Complex has a specialized representation named Holding.
 Holding: a whole area and all infrastructures it includes, under the control of an operator to perform agricultural or aquaculture activities. It may be composed of one or more -Sites.
 Site: belonging to a holding, it is the geographical representation of land that constitutes a management unit. It includes all infrastructure, equipment and materials.
To sum up, the AF data model lacks more detailed levels of information. For instance, missing levels of information are an area for a certain crop or management zones for applications of fertilizers, pesticides, water etc. As a result, the AF data model cannot be re-used for the environmental monitoring since it does not contain the relevant information.
In order to ensure the maximum degree of data interoperability, the open data model for (precision) agriculture applications and agricultural pollution monitoring (hereinafter open data model) follows the INSPIRE generic data models, in particular the aforementioned AF data model, by extending and specializing them (see Fig. 1 ).
Thus, when taking the Figure 1 into consideration, the AF data model may be further specialized. For these purposes, there should be a feature on a more detailed level than "Site". The main motivation is to represent a continuous area of agricultural land with one type of crop species, cultivated by one user in one farming mode (conventional vs. organic farming) or having the same environmental features (e.g. organic matter in soil, the amount of fertilizers and/or pesticides inserted in a certain time). Such feature is called "Plot" in the open data model, being its elementary reference item.
Note that the term "Plot" originates from the concept presented in the AF data specification. The precision agriculture domain uses the term "Management zone" for the concept that is in INSPIRE and open data model designated as "Plot". Please bear in mind that both terms are meant as synonymous when reading the paper and the model. Each "Plot" has a unique identifier to distinguish a "Plot" from any other "Plot". Please, note that a "Plot" does not imply any explicit relation to the cadaster. For instance, a "Plot" may be only a part of a cadastral parcel. In other words, a cadastral parcel may contain from zero to many (0...N) "Plots".
The parent entities named "Site" and "Holding" remain the same as defined in the underlying INSPIRE data model.
In order to illustrate the application of open data model, consider the following example. A company named "FoodieAgroProfi, Inc." cultivates 4,000 hectares in the southern part of the country. This whole area is, according to the open data model specification, called a "Holding". Such "Holding" is composed of three types of "Sites": arable land, grassland and vineyards. Vineyards are composed of 164 explicitly geometrically-defined "Sites" where the wine grapes grow. Arable lands are composed of 120 geometrically-defined "Sites" where wheat, spring-barley and oil-seed rape are produced. These 120 geometrically-defined "Sites" are composed of 150 "Plots" according to the crop species. It means that a "Site" may contain several crop species. A "Plot" is therefore the elementary spatial unit within the open data model. Note that the geometrical definition of a "Plot" may vary in time, typically from year to year. A "Plot" does not automatically mean relationship to the crop species. A "Plot" may be established from the intervention, soil type etc. points of view. In other words, a "Zone" would be more appropriate designation. See the explanation above for keeping the term "Plot".
Regarding the initial import of data, it is possible to re-use the data already contained, at least, in an LPIS (Land Parcel Identification System) of any Member State of the European Union. In that sense the INSPIRE data model and the LPIS concepts are complementary approaches. Thus, for instance, LPIS data may be imported to the open data model on the level of "Site" feature which is equal to LPIS farmer's block level. A farmer may then add the crop species information to the imported LPIS data to obtain data ready for the "Plot" level.
Open data model enables extensions through associations and/or attributes that may further specialize the "Plot" feature. The aim of extensions is to provide modularity and enable any farmer/external service provider to extend the data model according to his/her needs.  FOODIE core application schema (presented in this paper);
 Sensor application schema (beyond the scope of this paper) covering the observations and measurements for sensors as well as human volunteers having e.g. a smartphone;
 Transport application schema (beyond the scope of this paper) covering the issues of fleet management of tractors and application machines.
The UML class diagram presented in Fig. 1 depicts the version 3.2 of the FOODIE core application schema. As such, it may also be re-used for an LPIS in any Member State of the European Union. The following paragraphs describe the main aspects of the open data model.
The developed open data model is as tightened to the standardization frameworks as possible. For that reason, it reuses the data types defined in ISO standards (especially [16] , [17] and [19] ) as well as standardization efforts published under the INSPIRE Directive [9] (like structure of unique identifiers). Where feasible, the allowed units of the Measure data type should be limited to SI units or non-SI units accepted for use with the International System of Units.
The "Plot" feature type contains two kinds of data. The first kind could be considered as metadata about a "Plot" since it describes:
 code: unique identification of a "Plot" within the system; it is defined as an Identifier data type, i.e. a data type composed of a code (e.g. 178646A64BF), code space (MyFarm) and version in the form of date and time according to the ISO 8601 standard [19] (e.g. version 2015-02-18T18:09:07);
 validFrom: date (and time) when the "Plot" started to exist in the real world;
 validTo: date (and time) when the "Plot" no longer exists in the real world;
 beginLifespanVersion: date and time at which this version of the "Plot" was inserted or changed in the database;
 endLifespanVersion: date and time at which this version of the "Plot" was superseded or retired in the database;
 geometry: the geometry defining the spatial extent of the "Plot";
 description: free text description of a "Plot" from a user point of view;
 originType: origin of the "Plot" when taking into consideration only two options: manual (created by human) and system (e.g. produced by the FOODIE platform).
The second kinds of attributes related to the "Plot" are intended to support the agronomical and environmental data, specifically:
 production: containing relevant production-related data, that is defined as a ProductionType data type comprising:
o productionDate: date and time at which the information on production was inserted or changed in the database; Verification of the data model has been conducted in two ways. The first one was population of the developed database schema by data from external systems, such as Land Parcel Identification System and cadaster. Information of a farmer and his/her parcels were successfully imported. The second verification has been conducted through historical data for last 10 years for two farms in the Czech Republic, called Vajglov (1'089 ha) and Tršice (1'291 ha). Currently, the developed data model is being verified on the present data for the season 2015.
IV. CONCLUSIONS
The open data model for (precision) agriculture applications and agricultural pollution monitoring has been successfully verified during demo tests in the proof-of-concept phase in the cloud environment. Such approach enables to disseminate the developed solution to all the interested stakeholders within the agricultural and environmental domains in the future. It may, therefore, replace proprietary data models used within the Farm management information systems. The biggest advantages are openness and interoperability with other systems such as (inter)national environmental and agronomical registers, customizability and scalability. The openness seems even more important than in the past since the commercial vendors propose that data measured by a commercial machine shall remain an ownership of such commercial vendor.
The presented open data model for (precision) agriculture applications and agricultural pollution monitoring has been together with the FOODIE platform registered under the GEOSS (Global Earth Observation System of Systems) Architecture Implementation Pilot -Phase 8 in order to support the wide variety of demands that are primary aimed at agriculture and water pollution monitoring. The data stored according to the developed data model may also be re-used for environmental monitoring of nitrogen, potassium, heavy metals leaching into water etc. The number of applications has not been limited since the data model enables to store any kind of data related to the environmental burden monitoring. 
